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INTRODUCTION
Photodynamic Therapy (PDT) has been used in the treatment of diseases characterized by the abnormal growth of tissues, such as rheumatoid arthritis, vitiligo, pathological myopia, macular degeneration, and retinal microbial infestations (Allison et al. 2004 , Paszko et al. 2011 , Hansch et al. 2008 , Simplicio et al. 2002 , Taub 2007 , Peloi et al. 2008 ). However, the most outstanding application of PDT is in the fight against cancer (Dolmans et al. 2003 , Tardivo et al. 2006 .
PDT is based on the interaction of a photosensitizing drug (PS) with visible light irradiation of appropriate intensity and wavelength to irradiate the affected area (Castano et al. 2004, Handerson and Dougherty 1992) . The photo-activation of the PS generates cytotoxic species that promote apoptosis or necrosis of the diseased tissue in situ (MacDonald and Dougherty 2001, Machado 2000) . There are two types of photochemical reactions that generate these reactive species. The type-1 mechanism generates Reactive Oxygen Species (ROS) through an electron transfer reaction from http://dx.doi.org/10.1590/0001-3765201395412
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An Acad Bras Cienc (2013) 85 (4) 1268 DIOGO S. PELLOSI et al. the excited PS, while the type-2 mechanism is related to the energy transfer reaction between the excited PS in triplet state and oxygen, which results in singlet oxygen ( 1 O 2 ). Both mechanisms cause significant damage to cell structures. One major limitation of PDT is the high cost of its usual light source, LASER. Even with the less expensive diode-based LASER, in developing countries the cost of clinical applications is still restrictive. An alternative source of light for PDT is the light emitting diode (LED), which is far more inexpensive and emits light covering nearly all the visible spectrum. LED has lower irradiation potency than LASER, however it is more economical and its versatility allows for broader PDT application. Despite its low light intensity, LED can be used in the treatment of superficial skin and eye diseases (Mang 2004 , Goldberg and Russell 2006 , Ibbotson 2010 , Brancaleon and Moseley 2002 .
Besides the high cost of its light source, PDT is also limited by the high prices of the drugs used. Therefore, there are extensive studies for new photosensitizers that to combine high PDT efficiency, minor side effects, and low cost. Some xanthene dyes, such as rose bengal B (RBB), have been proposed as candidates for PDT. RBB is a derivative known for its high ability to generate singlet oxygen (Gandin et al. 1983) . Besides RBB, other xanthene derivatives, such as erythrosine (ERI) and eosin y (EOS), also exhibit high quantum yields of singlet oxygen (Gandin et al. 1983 ) making them candidates for PDT. Some studies already show photodynamic applications with these PS with great success (Shen et al. 2000 , Wood et al. 2006 . These three xanthene compounds generate high amounts of 1 O 2 , unlike fluorescein (FSC), a xanthene dye that is largely employed as a probe in clinical-medical applications due to its elevated fluorescence (structures in Figure 1) .
However, the high quantum yields of singlet oxygen produced by the type-2 mechanism are not the only determining factors for the effectiveness of a PS in PDT. Other factors include: (i) the complex cellular interactions, which vary according to the studied organism, (ii) the drug delivery efficiency, (iii) the appropriateness of physical-chemical properties, such as photostability, high light absorption at adequate wavelengths, etc, (iv) the potential side effects for patients, and (v) the possibility of the type-1 mechanism via ROS formation.
In the present work, a simple preliminary evaluation of photodynamic activity in vivo is proposed using brine shrimp, Artemia salina. These tiny crustaceans are inexpensive, easy to handle, and highly sensitive to environmental conditions, making them useful for research of bioactive agents and good bioindicators of wastewater toxicity (Meyer et al. 1982 , Rodrigues et al. 2007 , Kinghorn et al. 1977 , Boroski et al. 2008 . Since the death of this microcrustacean results from the action of specific substances, the death rate can be correlated to the photodynamic activity of the PS. This work describes the evaluation of the photodynamic activity of xanthene derivatives against the microcrustacean Artemia salina. The effects of three important factors to the photo-killing process of this organism were investigated: (i) PS concentration, (ii) the LED irradiation time, and (iii) the waiting time between the addition of the PS and the beginning of the irradiation. For the analysis, 2 3 full factorial design was employed as a statistical tool based on two-level chemometry to evaluate the PDT activity against A. salina. This strategy identified the individual influences and parameter interactions of the PS factors in biological media (Mason et al. 2003 , Neto et al. 2010 . 
MATERIALS AND METHODS
Aqueous saline (1 L, NaCl, 0.1 mol L -1 ) was prepared in a buffered medium at pH 7.25 (Na 2 HPO 4 , 7.5×10 -3 mol L -1 ) and transferred to a rectangular vessel consisting of two interrelated parts (an irradiated section and another kept in the dark). The microcrustacean eggs were placed in the dark section. The irradiated section had one 60W fluorescent lamp, which attracted newly hatched animals ( Figure 2A ). After 48 h, 20 mature animals were transferred to test tubes and maintained at approximately 24 °C. Stock solutions of the dyes were added at the desired concentration and then filled up to 3.0 mL by adding the previously prepared NaCl solution. FSC (Carlo Erba), EOS (Reagen), ERI (Vetec), and RBB (Nuclear) were used without further purification. A green LED (Sun Co.) was utilized as light source and its emission spectrum was obtained using a Fluorog2 Spex spectrofluorimeter, model 168. The individual potency of each LED was measured using a Handheld Power Meter (Edmund Optics Inc.). The LED source was constructed using six LED units. The samples were wrapped with aluminum foil and the top side was irradiated with the LED ( Figure 2B ). After irradiation, the live and dead animals were counted. [PS] : photosensitizer concentration. The death rate of A. salina was used as a factorial design response factor. The factors relevant to photodynamic effects were assessed using a 2 3 full factorial design at two levels (low -and high +) to evaluate the photosensitizer concentration [PS]), the LED irradiation time (t i , in hours), and the waiting time between the addition of the PS and the beginning of the irradiation (t e in hours). The experimental design and statistical analysis were performed using the software Design Expert™ version 7.1.3 (Stat Ease Inc 2011) . The factors and the investigated high and low level conditions are presented in Table I . All percentages were corrected for the natural death rate of the animals in the samples not subject to either irradiation or dye. All trials were carried out in triplicate and the data were reported as means ± SD (standard deviation).
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RESULTS AND DISCUSSION
For all bioassays the samples were kept in a buffered aqueous solution at pH 7.25, the natural pH of living organisms. At this pH, FSC is mostly in the dianion protolytic form (91%), with a calculated pKa of 6.2 (Batistela et al. 2010 , Sjöback et al. 1995 , which corresponds to the phenolic group. All other PS at pH 7.25 were found in the dianionic form due to an approximate pKa of 4 (Batistela et al. 2011) . The charges of these protolytic species and the small PS concentration employed ensured that all PS molecules were monomers, instead of self-aggregates. The selfaggregation of the PS in water is a problem in PDT that must be avoided (Valdes-Aguilera and Neckers 1989) as it drastically reduces singlet oxygen formation (Machado 2000) .
ANALySIS OF THE LED SySTEMS
The chosen LED has a maximum light emission at 518 nm, which is in the range of absorption of the xanthene dyes investigated. The measured potency of each LED unit is 2.11 mW. The replacement of LASER for LED, in addition to its economic advantages, allowed for a light source that covered almost all the visible light spectrum, despite its low irradiation potency. In the present study, the LED source was very convenient, allowing for six experiments to be conducted simultaneously. The data in Table II show that the halogenated dyes (EOS, ERI and RBB) are much more phototoxic than FSC in all experiments performed on the micro crustaceans. The actual influence of each factor on ani mal death was evaluated by the chemometric treatment.
The two-level analysis of the factorial design begins with the calculation of the main effects of PHOTODYNAMIC ACTIVITY OF XANTHENE DYES ON A. SALINA all factors and the interactions between them. All effect values (E) were calculated using Equation 1 with the results from Table II :
In this equation, y + and y − represent the average results obtained with high (+) and low (−) levels, respectively (Neto et al. 2010 ). The + and -signs used in this equation are given in the appropriate column of Table II for each factor. The signs of the interaction effects were calculated by multiplying the sign columns for the factors involved in the respective interaction. Table III shows the factors' intensities and the parameters of interactions for the death rate in the bioassays, calculated using the chemometric tools. The quantum yields of 1 O 2 generation for all PS investigated are also included in Table III * In parenthesis are presented the singlet oxygen quantum yield formation for each dye in water solution (Gandin et al. 1983 ). The low photoactivity of FSC and the high photoactivity of EOS, ERI and RBB (Tables II  and III) seem to be related to singlet oxygen yields as a result of the type-2 mechanism. Instead of generating singlet oxygen, FSC is highly fluorescent, when compared to the other xanthenes investigated, which have poor fluorescence yields and high singlet oxygen quantum yields (values in Table III) . These results indicate that the type-1 photoreaction mechanism by electron transfer is not relevant for the photodynamic activity of xanthene dyes. The presence of halogens causes high This species is highly reactivity and has a short lifetime in biological tissues (Foote and Clennan 1995) .
The irradiated FSC system produced the lowest death rate in the crustaceans, an average of 12.96% (Table III) . It was observed that only the global average and the [PS] were significant for FSC at 95% confidence. The results show that by increasing the FSC from 25 μmol.L -1 to 250
μmol.L -1 the percentage of animal death increases by an average of 7.7%. This value corresponds to the lethality of the compound itself (sample in the dark with FSC), demonstrating FSC's natural toxicity against brine shrimp. However, it was also observed in Table III that the average effect of dye concentration for EOS, ERI and RBB had nearly two-fold intensity when compared to that of FSC. For all xanthene systems, animal death increased as the [PS] concentration increased. The factor t e by itself did not seem to be relevant. However, the photodynamic mechanism of EOS is more complex than that of any of the other photosensitizers due to the interaction effect between the three factors studied. The main effects of factor t e were not significant at 95% confidence for any of the dyes, yet it exhibited interaction effects with the other two factors, indicating that the waiting time for the addition of the PS into the microcrustaceans cannot be neglected. Thus, this effect by itself has no direct involvement with the photodynamic activity, but the data suggest that there are minor effects when combined with the other factors.
The calculated data in Table III also show that the irradiation time (t i ) was significant for the three halogenated xanthenes. The time 1 hour showed 30% of death and 3 hours about 60 % of death for RBB. The interval of 1 hour of irradiation was not sufficient for a significative death of microcrustaceans, but the interval used is good enough for statistical evaluation. Both [PS] and t i showed the same profile as singlet oxygen was yielded, i.e., the death rates increased as these factors increased. The data also shows that RBB, which had the highest quantum yield of 1 O 2 , was the photosensitizer with the highest intensity of factors t i and [PS] . These high values of t i for EOS, ERI and RBB evidenced that increasing the irradiation time increases the death rate of A. salina. Thus, derivatives with higher photodynamic action must have greater [PS] and t i effects, as well as higher interactions effects for both [PS] and t i .
In analysis of variance (ANOVA), the mean square represents the variance of experimental data that is explained by the model (Mason et al. 2003 , Neto et al. 2010 The linear terms in each equation are the averages of each system and their coefficients indicate the intensity of the contribution of each factor to the photodynamic response. The four equations presented satisfactory adjustment to the experimental data, as demonstrated by the coefficient of determination R 2 . The residues between experimental data and the values predicted by the equation obtained by ANOVA were random, which indicates that the mathematical models are satisfactory.
CONCLUSIONS
The main effects for the factors [PS] and t i were significant at 95% confidence for the four dyes. The death of A. salina is related to the structure of the photosensitizers through the interaction between the irradiation time and the photosensitizer concentration that yields singlet oxygen. About 60% of animal death was obtained using RBB, which is the photosensitizer that presented the highest quantum yields of singlet oxygen due to the number of iodide substituents in its rings. The factorial design based on chemometry allowed us to determine the main factors related to the photodynamic action of xanthene photosensitizers with very similar structures. The proposed bioassay using A. salina, xanthene dyes, and LED was found suitable for PDT drug evaluation. 
